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Abstract 
Selective Catalytic Reduction (SCR) technology is currently the most widely used DeNOx technology in coal boilers. 
However, the nonuniform distribution of flue gas decreases the utilization efficiency of catalysts, which leads to great 
economic losses, so improving the airflow uniformity in the DeNOx reaction tower has great significance. In this 
research, the velocity distribution of airflow in gas flue was measured in a lab-scale SCR system, and the uniformity 
was shown in isovelocity graphs. The results show: the airflow distribution of the wedge reaction tower was better 
than of the flat-top reaction tower and the transition-type reaction tower; in the range of the equivalent length Le from 
0 to 0.4, the velocity distribution was more and more uniform as the increase of Le. 
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1. Introduction 
The Selective Catalytic Reduction (SCR) technology has been widely used in coal boilers to promote 
the reduction of NOx, and the expensive catalysts used in the SCR system has drawn much attention of 
researchers in recent years. However, the nonuniform distribution of flue gas decreases the utilization 
efficiency of catalysts, which leads to great economic losses, so it is quite important to improve the 
uniformity of gas distribution. In this research, a lab-scale experimental system was built up to explore 
the velocity distribution of a SCR system. Moreover, the reaction tower with different tops and different 
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guiding plates has also been studied to determine the optimum reactor type and suitable arrangement 
methods of guiding plates. 
2. Experimental 
2.1. Experimental system 
The experimental system is as shown in Fig.1, and it is designed according to the SCR system of a 
600MW supercritical coal-fired boiler as the scale of 1:0.0375. The inlet height of the model is 4m and 
the inlet width is 10m, so the inlet size of the experimental system here is 150mm*375mm. The size of 
the SCR reactor is 12m*10m*20m (depth*width*height), and so the experimental system here is 
450mm*375mm*750mm. Air was blown into the inlet flue by an air blower, and flew into the catalysis 
layers by passing through two turnings. In the research, the equivalent length Le was used to mark the 
length of the straight section related to a guiding plate, and Le was the ratio of the length of the straight 
section and the equivalent diameter of the gas flue. 
Fig.1. The experimental system 
2.2.  Physical parameters of fluid 
As is well known, if the Reynolds number of fluid increases to a certain number, the flow in cold tests 
and in practical engineering is similar enough to ensure that the results of cold tests could reflect the 
practical conditions. The physical parameters of flue gas and air are shown in Table 1. From it we can 
calculate that the Reynolds number of flue gas was 2.6*106 and the Reynolds number of air was 1.6*106. 
Both are much higher than 1.2*104, so the flow belongs to the second modeling zone. 
Table 1. Physical parameters of flue gas and air 
 Temperature in 
the inlet /K 
Density/ 
kg*m-3 
Kinematic 
viscosity/ m2*s-1 
Average velocity in 
the inlet /m*s-1 
Average velocity in the 
reactor /m*s-1 
Flue gas 650 0.536 32.5*10-6 15.0 5.00 
Air  293 1.17 15.1*10-6 12.0 3.52 
3.  Results and discussions  
3.1.  Effects of the shape of the reaction tower  
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In this research, four different types of reactors were tested to explore the velocity distribution in the 
tower. As shown in Fig.2, the four types of reaction tower are flat-topped reactor R0, wedge-shaped 
reactor R3, and transitional reactors R1 and R2. For R0, R1, R2 and R3, the lengths in the horizontal 
direction of the top are separately 450mm, 300mm, 150mm and 0. Without any guiding plates installed in 
the SCR system, the velocity distribution uniformity of the airflow before the first catalyst layer was 
researched for the four types. 
 
Fig.2  The different shapes of the SCR reaction tower 
According to the velocity of the 30 measuring points, the isovelocity graphs of each type are drawn in 
Fig.3. From it we could see, from the flat-topped tower and two transitional towers to the wedge reaction 
tower, the velocity range of the measuring points decreased gradually. The maximum velocity of R0 
could reach 8m/s, and the maximum velocity of R1 and R2 reduced to 7m/s, while for R3 it was only 
6.5m/s. In R0, the velocity range of more than 5m/s and less than 2m/s accounted for a large proportion of 
the entire velocity distribution; in R1 and R2, the velocity range of more than 5m/s and less than 2m/s 
accounts for a less proportion, which indicated that the velocity distribution was improved; in the wedge 
reactor R3, the range of more than 5m/s and less than 2m/s significantly decreased, which showed that the 
velocity uniformity of the airflow improved greatly compared with the former three types of reaction 
tower. 
 
 
Fig.3  The graphs of the different reaction towers 
3.2.  Effects of guiding plates in the reaction tower 
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In the tower R3, two guiding plates with eight straight sections in the outlet were installed in the top 
(Fig.1), while not any guiding plates were installed in the two turnings. As the length of a straight section 
Le varied among 0, 0.2, 0.3 and 0.4, the velocity distribution was measured and drawn in Fig.5. Installing 
straight sections, we could see that the velocity uniformity was improved significantly, and as the increase 
of the length of straight sections the improvement seemed much better. It could be concluded that when 
Le was in the range of 0 to 0.4, the velocity distribution was more and more uniform as the increase of Le. 
 
 
Fig.5  The graphs of the R3 with two guiding plates 
4. Conclusions 
By comparing the velocity distribution in reaction tower R0, R1, R2 and R3, it could be seen that the 
velocity uniformity in R3 was the better than that in others. From the flat-topped tower and two 
transitional towers to the wedge reaction tower, the velocity range of the measuring points decreased 
gradually. In the range of the equivalent length Le from 0 to 0.4, the RMS value decreased as the increase 
of the length of the straight plates in the outlet of the SCR reaction tower.  
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